The Abraham momentum of electromagnetic field represents the decomposition property into real-valued orbital and spin contributions. However, we find that the orbital and spin momenta of evanescent electromagnetic fields are inherently complex. Consequently, the decomposition of Abraham momentum is reexamined and the exact expressions of orbital and spin momenta are obtained, which are applicable to both propagating and evanescent electromagnetic fields. Furthermore, we also justify the newly-derived decomposition of Abraham momentum in lossy media, which is further demonstrated by a concrete example of surface polariton of metal. In addition, on the basis of the complex orbital momentum of evanescent fields the complex group velocity is tentatively put forward with its real part representing the energy flux velocity and its imaginary part denoting the osmotic velocity of energy penetrating the corresponding media. PACS number(s): 42.50. Tx, 73.20.Mf, 42.25.Ja Recently the decomposition of Abraham momentum of electromagnetic fields into orbital and spin parts attracts enormous attentions [1] [2] [3] [4] [5] . On one hand, the orbital and spin contributions of Abraham momentum, respectively, produce orbital and spin angular momentum (AM) [5] [6] [7] , which play distinct roles in the interaction with matters, like atoms[8-10] and small particles [11] [12] [13] [14] [15] . For instance, the orbital AM of light beam makes the particle rotate around the axis of beam [11, 12] , and one can operate single atom by transferring the spin AM of photon to the atom within a high-finesse cavity [8] [9] [10] . These effects basically underlie many applications, such as quantum computation [16, 17] and quantum information process [18] . On the other hand, it has been experimentally demonstrated that it is the orbital momentum rather than the Abraham momentum that represents the physicallymeaningful momentum density of light beam (only in linearly polarized paraxial fields and plane waves is the orbital momentum equivalent to Abraham momentum) [13, 19] . For instance, the orbital momentum of light beam exerts optical forces on small particles immerged in this light beam [20] . On basis of this effect, many practical applications can be achieved, such as laser cooling [21] [22] [23] , optical manipulation of atoms or small particles [24] [25] [26] [27] .
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The decomposition of the Poynting vector (Abraham momentum) into orbital and spin contributions for paraxial fields was first put forward by Bekshaev and Soskin [1] . Then, M. V. Berry [2] generalized in 2009 this decomposition to monochromatically nonparaxial fields and obtained the following expressions for orbital and spin parts in terms of electric-magnetic decocracy, , i.e. P P P os with:
 is the angular frequency, and   are, respectively, the permittivity and permeability of medium where electromagnetic field propagates.
  Er and   Hr are, respectively, the total full-time-independent three-dimensional complex electric and magnetic fields, including both the excited and polarized fields.
In the same year, unlike the differential method Berry used, Li [5] also obtained the same decomposition of Abraham momentum into orbital and spin parts by expressing the electric and magnetic field in free space as integrals over the plane-wave spectrum in reciprocal space. Since then, the decomposition of momentum of light attracts numerous attentions [1] [2] [3] [4] . As explicitly pointed out the above division can only be applicable to propagating fields [2, 5] . However, K. Y. Bliokh et al directly extended this decomposition to the case of evanescent fields and obtained purely real-valued orbital momentum in evanescent field [3, 4] . For instance they achieved an orbital momentum  / where w is the spatially-inhomogeneous energy density of evanescent wave [3] . As we know from the field theory, for vectorial field (not in intensity singularities) there is such a relationship between orbital momentum and wavevector [2, 13] 
Here,  is the vectorial field function. Therefore, the orbital momentum of evanescent fields should be complex as well since its wavevector is complex. Now the question arises, how does this difference happen.
Due to the practically significant applications of orbital and spin momenta it is of great importance to resolve above question. In the present letter, starting from the definition of Abraham momentum of monochromatically electromagnetic field, we will first reexamine the decomposition of Abraham momentum and derive more exact expressions for its orbital and spin contributions. Then, by comparing the newly-derived expressions of orbital and spin momenta with previous ones i.e. Eqs. (1) and (2), we will give the physical origin why the previous expressions are not applicable to the cases of evanescent electromagnetic field, such as surface plasmon polaritons (SPPs) of metal, evanescent wave arising from total internal reflection and so on. Furthermore, concerning the statement by R. W. Ziolkowski et al [28] that the decomposition of kinetic (Abraham) momentum of electromagnetic fields in lossy material is of no physical meaning, we will demonstrate that the decomposition of Abraham momentum into orbital and spin parts is applicable not only to lossless media, but also to lossy material, like single complex materials with  
; then, a transverse magnetic (TM) surface wave at the interface between a dielectric medium and a metal is taken as a demonstration. The last but not the least, according to the newly-derived orbital momentum of evanescent field the complex group velocity is tentatively put forward, of which the imaginary part turn out to have the meaning of osmotic velocity as extensively studied in field theory.
First of all, we reexamine the decomposition of Abraham momentum of monochromatically electromagnetic field subject to the following Maxwell equations in a uniform nondispersive medium with permittivity  and permeability  =0
Here, c is the speed of light in vacuum, and we use Gaussian units. The time-averaged Abraham momentum density of above monochromatic field is known to be [29]  
To avoid any loss of physically-meaningful information we guarantee each step being identity transformation in following procedure. Eliminating the Re-operation in Eq. (5) 
Replacing the magnetic (electric) field in Eq. (6) with its corresponding curl equation of electric (magnetic) field, Eq. (6) reads
In a further step, making use of the vector calculus identity
, which can be derived as a linear combination of commonly used vector calculi [30] although it is not commonly used, the Abraham momentum Eq. (7) can be further written as
According to the field theory, the momentum of vectorial field can be decomposed into its orbital and spin contributions, producing their respective angular momentum [31] . So, apparently the orbital and spin momentum densities of the monochromatically electromagnetic field can be respectively written as
With careful observation we can see the only difference between Eqs. (9) and (1) is the replacing of Im-operation in Eq. (1) by "1/i" in Eq. (9) . This difference seems to be negligible, but actually it can result in physically different consequence, especially for evanescent fields; because in evanescent fields Eq. (9) yields complex orbital momentum while Eq. (1) predicts a purely real-valued one. The difference can be even more apparent if we write down the real and imaginary parts of Eq. (9)
We can clearly see that, apart from the real part which is exact same as Eq. (1), the newly-derived orbital momentum in Eq. (9) , the result of which, besides the intensity, includes a product of "i" and the wavevector k . Then, the Imoperation in Eqs. (1) and (2) keeps the imaginary part of this quantity. We know the Im-operation in Eqs. (1) and (2) originates from the Re-operation in the definition of Abraham momentum, which is taken to ensure the practically physical meaning of results obtained when the electric and magnetic fields are expressed in exponential form. This is true for linear operation of electromagnetic field, but not true for the situations in Eqs. (1) and (2) due to the presence of the vector differential operator  . Provided the wavevector is complex, e.g.,
, both its real and imaginary parts are of physical meaning, and of which neither the real nor the imaginary should be dumped. In a word, for propagating electromagnetic field there is no problem in performing such Im-operation and Eqs. (1) and (2) yield correct results of orbital and spin momenta; while for evanescent field such Im-operation keeps only the imaginary part and dumps the real part of the quantity in the square bracket, i.e. throwing the imaginary part of orbital and spin momenta. Therefore, the decomposition of the Abraham momentum into orbital and spin parts liking the manner of Eqs. (1) and (2) is not physically rigorous; some important components are omitted in the transformation from Reoperation to Im-operation.
To further demonstrate above conclusion and for better comprehension, we take into account the same electromagnetic wave (i.e. Eq. (7) . Here we are in the critical point. As mentioned before, both the real and imaginary parts of complex wavevector are of phycial meaning, neither should be dumped; therefore, the Im-operation in Eq. (1) is only valid to general imaginary unit "i". Under this condition, we have the orbital momentum of the evanescent field
As expected, the obtained orbital momentum is now proportional to the complex wavevector, in agreement with field theory. On the other hand, if we substitute Eqs. (12) and (13) into Eq. (9) we can directly obtain the same result as Eq. (15) without the above restriction on imaginary unit, revealing that Eq. (9) is the exact expression of orbital momentum density. In fact, from the derivation procedure we can conclude that both Eqs. (9) and (10) are, respectively, the exact expressions of orbital and spin momenta as no restriction is imposed to the electric and magnetic fields.
Through above analysis we can conclude that to obtain physically-meaningful quantity Re-or Im-operation should be carefully taken when there is the vector differential operator  operating on electromagnetic field because the vector differential operator has both differential and vectorial properties, the combination of which gives rise to the product of "i" and wavevector of fields. One useful suggestion regarding this point is to eliminate Re-or Im-operation using the identity 
PM
. Therefore, in accordance to their method, such decomposition only holds true in vacuum or free space. For electrically or/and magnetically polarizable media, the polarizations , M P are not zero, so the decomposition losses the validity, let along in lossy media. The main reason for this paradox is that they took the electric and magnetic fields in Abraham momentum definition as the excited fields rather than the total fields.
Actually, the decomposition of Abraham momentum into orbital and spin contributions is applicable not only to lossless media, but also to lossy media, say single complex materials with
 . For electromagnetic fields in lossless media, the wavevector is a real-valued quantity, and the quantities in square brackets in Eqs. (9) and (10) , is also physically equivalent to Eq. (2) . Therefore, such decomposition in lossless media remains its validity.
As for the case of electromagnetic fields in single complex media, the rewrite of complex orbital momentum Eq. (9) as the sum of its real and imaginary parts is still valid. However, the relationship between Eqs. (10) and (2) is not so straightforward, but reverse thinking will be helpful for understanding this. Assuming that the permittivity and permeability are real, Eq. (10) can also be written as the sum of its real and imaginary parts (10) can be written as the sum of its real and imaginary parts with the real part representing spin momentum density. Therefore, the decomposition of Abraham momentum into orbital and spin parts is still valid in single complex media.
To further prove above conclusion, we take TM surface plasmon polariton (SPP) at the . In accordance to the boundary condition of electromagnetic wave, there is the following relationship for SPP parameters [32] 
From Eqs. (19) ~ (21) we can easily identify the decomposition of Abraham momentum into orbital and spin contributions in the case of SPP propagating in metal, a lossy medium. More precisely, the x components of orbital and spin momenta are of the same value but with opposite sign, the difference in z components of orbital and spin momenta gives rise to the Abraham momentum of surface wave.
For better understanding, we plot in Fig. 1 the momenta flux of specific SPP propagating at the surface of metal ( x  half space is vacuum. In vacuum the z component of orbital momentum is larger than that of spin momentum, resulting in positive-z-direction Abraham momentum; while in metal the situation is opposite, resulting in negative-z-direction Abraham momentum, see left figure of Fig. 1 . Globally, the total momentum flux forms a circulation around the interface, as shown in right figure of Fig. 1 , which is in agreement with the conclusion of Lai [33] . In addition, we notice another important feature that the group velocity of SPP is complex as well. It has now been theoretically [3] and experimentally [13] demonstrated that it is the orbital momentum
